Abstract: Academic institutions, federal agencies, publishers, editors, authors, and librarians increasingly rely on citation analysis for making hiring, promotion, tenure, funding, and/or reviewer and journal evaluation and selection decisions. The Institute for Scientific Information's (ISI) citation databases have been used for decades as a starting point and often as the only tools for locating citations and/or conducting citation analyses.
INTRODUCTION
Because it is sometimes hard for funding agencies, administrators, tenure and promotion committees, and others to rely only on peer reviews and publication output for measuring the impact or quality of an author's work, they additionally use citation analysis to perform such evaluations. In Studies that have addressed problems of, and/or suggested alternative or complementary sources to, ISI citation databases are very few and can be divided into two groups:
Studies that examined the effect of certain limitations in ISI database by comparing its coverage with that of other citation databases or tools; and Studies that suggested or explored different or additional sources and methods for identifying citations.
Studies that Examined the Effect of Certain Limitations in ISI Databases
In a study aimed at analyzing the effect of the omission of certain journals in ISI databases on citation-based appraisals of communication literature, Funkhouser (1996) examined references in 27 communication journals (13 covered by ISI and 14 not covered) for the year of 1990. He found that 26% of author citations were from non-ISI journals and that 27 of the 50 most highly cited authors received at least 25% of their citations from non-ISI journals. Funkhouser, however, did not verify whether the omission of those 14 journals had any impact on the relative citation ranking of scholars if one relied only on ISI data. Cronin, Snyder, and Atkins (1997) analyzed thousands of references from monographs and leading academic journals in sociology to identify the effects of ISI databases' non-coverage of citations in monographic literature. They found that the relative rankings of authors who were highly cited in the monographic literature did not change in the journal literature of the same period. The overlap of citations in monographs and journals, however, was small, suggesting that there may be two distinct populations of highly cited authors.
Whitley (2002) compared the duplication and uniqueness of citing documents in Chemical
Abstracts and Science Citation Index for the works of 30 chemistry researchers for the years 1999-2001. She found that 23% of all the citing documents were unique to Chemical Abstracts, 17% were unique to the Science Citation Index, and the remaining 60% were duplicated in the two databases. Whitley concluded that relying on either index alone would lead to faulty results when trying to obtain citation totals for individual authors. Goodrum et al. (2001) and Zhao and Logan (2002) 
compared citations from
CiteSeer/ResearchIndex, a Web-based citation indexing system, with those from ISI's Science Citation Index (SCI) in the field of computer science. Both studies found a 44.0% overlap among the top-25 cited authors and concluded that CiteSeer/ResearchIndex and SCI were complementary in their coverage of the field. More recently, Pauly and Stergiou (2005) compared citation counts between WoS and GS for papers in mathematics, chemistry, physics, computing sciences, molecular biology, ecology, fisheries, oceanography, geosciences, economics, and psychology. Each discipline was represented by three authors, and each author was represented by three articles (i.e., 99 articles in total). The authors also examined citations to an additional 15 articles for a total of 114. Without assessing the accuracy or relevance and quality of the citing articles, the authors reported such good correlation in citation counts between the two sources that they suggested GS can substitute for WoS.
Bauer and Bakkalbasi (2005) compared citation counts provided by WoS, Scopus, and Google Scholar (GS) for articles from the Journal of the American Society for Information Science and
Technology published in 1985 and in 2000. They found that WoS provided the highest citation counts for the 1985 articles and GS provided statistically significant higher citation counts than either WoS or Scopus for the 2000 articles. They did not find significant differences between WoS and Scopus for either year.
The authors, however, stated that more rigorous studies were required before these findings could be considered definitive, especially because the scholarly value of some of the unique material found in GS remained an open question. Jacsó (2005a) also conducted several tests comparing GS, Scopus, and WoS, searching for documents citing: (1) Eugene Garfield; (2) an article by Garfield published in 1955 in Science; (3) the journal Current Science; and (4) the 30 most cited articles from Current Science. He found that coverage of Current Science by GS is "abysmal" and that there is considerable overlap between WoS and Scopus.
He also found many unique documents in each source, claiming that the majority of the unique items were relevant and substantial. For "lack of space," Jacsó's analysis was limited to reporting citation counts and retrieval performance by time period; he did not provide an in-depth analysis and examination of, for example, the type, refereed status, and source of the citations.
Most recently, Bakkalbasi, Bauer, Glover, and Wang (2006) compared citation counts for articles from two disciplines (oncology and condensed matter physics) and two years (1993 and 2003) to test the hypothesis that the different scholarly publication coverage provided by WoS, Scopus, and GS would lead to different citation counts from each. They found that for oncology in 1993, WoS returned the highest average number of citations; 45.3, Scopus returned the highest average number of citations (8.9) for oncology in 2003; and WoS returned the highest number of citations for condensed matter physics in 1993 and 2003 (22.5 and 3.9 respectively) . Their data showed a significant difference in the mean citation rates between all pairs of resources except between Scopus and GS for condensed matter physics in 2003. For articles published in 2003 WoS returned the largest amount of unique citing material for condensed matter physics and GS returned the most for oncology. Bakkalbasi, Bauer, Glover, and Wang concluded that all three tools returned some unique material and that the question of which tool provided the most complete set of citing literature might depend on the subject and publication year of a given article.
Studies that Suggested Sources and Methods beyond ISI or Citation Databases
In a 1995 paper Reed recommended that faculty seeking tenure or promotion: (1) review the citations in selected key journals in their specialty that were not covered in ISI databases; (2) scan the citations and bibliographies in textbooks and monographs pertinent to their research areas; (3) record citations discovered through research, teaching activities, and professional reading throughout their careers; and (4) maintain a continuously updated file of citations as they are discovered. These recommendations were adopted by Nisonger (2004a) , who additionally suggested that (5) sources be examined (e.g., books, journal articles, and doctoral dissertations identified in major bibliographies in one's specialty area), and that (6) the author's name be searched on the Web for items not indexed in ISI databases.
Unlike Reed who only compiled and recommended a list of techniques to locate citations not covered by ISI, Nisonger conducted a self-study to show how ISI coverage compared to citation data he collected using the aforementioned six techniques. His study was based on analysis of his own lifetime citation record which he compiled by (a) searching the ISI databases; (b) manually searching the literature for nearly 15 years; and (c) making use of various Web search engines. He found that (with self-citations excluded) ISI captured 28.8% of his total citations, 42.2% of print citations, 20.3% of citations from outside the United States, and 2.3% of non-English citations. Nisonger suggested that faculty should not rely solely on ISI author citation counts, especially when demonstration of international impact is important. He also suggested that rankings based on ISI data of a discipline's most-cited authors or academic departments might be significantly different if non-ISI citation data were included. This suggestion, however, was not verified by empirical data; it merely suggested that broader sourcing of citations might alter one's relative ranking vis-à-vis others.
Research Questions and Significance
While both Reed's recommendations and Nisonger's methods are useful techniques for locating citations, they are not practical in the case of large study samples. Citation databases remain the most viable methods for generating bibliometric data and for making accurate citation-based research assessments and large-scale comparisons between works, authors, and journals. Until very recently, WoS was the standard tool for conducting extensive citation searching and bibliometrics analysis, primarily because it was the only general and comprehensive citation database in existence. This, however, may no longer be the case because several databases or tools that provide citation searching capabilities have appeared in the past few years (see below). Some of these databases or tools are sufficiently comprehensive and/or multidisciplinary in nature such that they pose a direct challenge to the dominance of WoS and raise questions about the accuracy of using it exclusively in citation, bibliometric, and scholarly communication studies. Thus, several research questions suggest themselves: 1) What is the impact of using new, additional citation databases or tools on the counting and ranking of works, authors, journals, and academic departments?
2) How do the citations generated by these new tools compare with those found in WoS in terms of, for example, document source, document type, refereed status, language, and subject coverage?
3) Do these tools represent alternatives or complements to WoS? 4) What strengths and weaknesses do these new citation tools have relative to WoS?
Answering these questions is important to anyone trying to determine whether an article, author, or journal citation search should be limited to WoS. The answers to these questions are also important for those seeking to use appropriate tools to generate more precise citation counts, rankings, and assessments of research impact than those based exclusively on WoS. More complete citation counts can help support or identify more precisely discrepancies between research productivity, peer evaluation, and citation data.
More complete citation counts can also help generate more accurate h-index scores for authors and journals (Bornmann & Daniel, 2005 , 2007 Hirsch, 2005) and journal impact factors (Garfield, 1996 (Garfield, , 2006 Nisonger, 2004b; Saha, Saint, & Christakis, 2003) , as well as identify international impact (Nisonger, 2004a; de Arenas, Castanos-Lomnitz, & Arenas-Licea, 2002) .
Scholars trying to locate citations to a specific publication for traditional research purposes (as opposed to citation counts, research evaluation, and so on) will find answers to the aforementioned questions very useful, too, especially in cases where bibliographic searches fail to identify relevant research materials. Serials librarians who use citation counts and analyses to make journal subscription and cancellation decisions will benefit from the findings of this study as well since it has the potential to show whether there is a need to rely on multiple sources of citation data. Vendors and producers of fulltext databases, such as CSA, EBSCO, Elsevier, OCLC, Ovid, ProQuest, Sage, Springer, Taylor & Francis, and Wilson will also benefit from answers to these questions by applying the findings of this study to develop and illustrate additional features and uses of their databases.
Competitors to Web of Science
Today, there are more than 100 databases or tools that allow citation searching. These databases or tools can be classified into three basic categories. Details about the citation searching features and strengths and weaknesses of these and many other databases that allow citation searching can be found in Roth (2005) , Ballard and Henry (2006) , and the many review and scholarly articles by Peter Jacso (see: http://www2.hawaii.edu/~jacso/).
Although there are many databases and services that could be used to answer the abovementioned research questions, this study focuses on:
1. Analyzing the effects of using Scopus and GS on the citation counts and rankings of individual scholars as measured by WoS, using a group of library and information science (LIS) faculty members as a case study. LIS makes an ideal case study due to the interdisciplinary and multidisciplinary nature of its research areas and its use of, and reliance on, various types of literature for scholarly communication (e.g., journal articles, conference papers, and books).
2. Examining the similarities and differences between WoS, Scopus, and GS in terms of coverage period, sources of citations, document type, refereed status, language, and subject coverage, and identifying strengths and weaknesses of the three tools; and 3. Discussing the implications of the findings on citation analysis and bibliometric studies.
Scopus and GS were chosen because of their similarity to WoS in that they were created specifically for citation searching and bibliometric analysis, in addition to being useful for bibliographic searches. Scopus and GS were also chosen because they represent the only real or potential competitors to WoS in citation analysis and bibliometrics research areas. More information about these three sources is provided below. (Bauer & Bakkalbasi, 2005; Gardner & Eng, 2005; Jacsó, 2005b; Noruzi, 2005; Wleklinski, 2005) .
METHODS

Citation Databases or Tools
Although GS does not cover material from all major publishers (e.g., American Chemical Society and Elsevier), it identifies citations to articles from these publishers when documents from other sources cite these articles. GS does not indicate how many documents it searches. Table 1 provides detailed information about the breadth and depth of coverage, subject coverage, citation browsing and searching options, analytical tools, and downloading and exporting options of all three sources.
Units of Analysis
In order to analyze the effect of using additional sources to WoS on the citation counts and rankings of LIS faculty members and to be able to generalize the findings to the field, this study explored the difference Scopus and GS make to results from WoS for all 15 faculty members of the School of Library and Information Science at Indiana University-Bloomington (SLIS). Table 2 ).
All data were entered into EndNote libraries and Access databases and were coded by citing source (e.g., journal name, conference, book, and so on), document type (e.g., journal article, review article, conference paper, and so on), refereed status of the citing item, year, language, and source used to identify the citation. The refereed status of the sources of citations was determined through Ulrich's
International Periodicals Directory and the domain knowledge of the researchers and their colleagues.
Data Collection
All WoS and Scopus data were manually collected and processed twice by one of the authors ( The "Cited Author" search option was used in WoS to identify citations to each of the 1,093 items published by the 15 faculty members constituting the study group. Citations to items in which the faculty members were not first authors, as well as citations to dissertations and other research materials written by them, were included in the study. Although publicly available, the data have been anonymized, assigning citations to faculty members by their research areas rather than by names.
Unlike WoS, Scopus does not have browsing capabilities for the cited authors or cited works fields that would allow limiting the search to relevant citations (cited works field is the index field for names of journals, books, patent numbers, and other publications). As a result, instead of browsing the cited authors or cited works fields, we used an exact match search approach to identify all potentially relevant citations in the database. This method uses the title of an item as a search statement (e.g., "Invoked on the Web") and tries to locate an exact match in the cited "References" field of a record.
Using the titles of the 1,093 items published or produced by the study group, the method allowed us to identify the majority of the relevant citations in the database. In cases where the title was too short or ambiguous to refer to the item in question, we used additional information as keywords (the first author's last name and, if necessary, journal name and/or book or conference title) to ensure that we retrieved only relevant citations. In cases where the title was too long, we used the first few words of the title because utilizing all the words in a long title increases the possibility of missing some relevant citations due to typing or indexing errors. When in doubt, we manually examined all retrieved records to make sure they cited the items in question. Other search options in the database were used (e.g., "Author Search" and "Advanced Search"), but they not only did not identify any unique, additional citations, they were less inclusive than the exact match approach. For example, because not all of the 1,093 items published by the study group are indexed in the database, the "Author Search" approach would have been inappropriate or would have resulted in incomplete sets of relevant citations.
GS was searched for citations using two methods: Author search and exact match (or exact phrase) search. The Author search usually retrieves items published by an author and ranks the items in a rather inconsistent way. Once the items are retrieved, a click on the "Cited by . . ." link allows the searcher to display the list of citing documents. The "Cited by . . ." link is automatically generated by GS for each cited item.
The exact match search approach was used to ensure that citations were not missed due to errors in GS's Author search algorithm. This strategy, which is the same as applied in Scopus, resulted in 1,301
records. Of these, 534 were unique relevant citations. In other words, if the exact match search approach was not used, in addition to the Author search approach, 534 (or 14.6%) of GS's relevant citations would have been missed. The remaining 767 records retrieved through the exact match search were either previously found through the Author search approach or were not relevant. Almost all of the false drops were documents retrieved when searching for citations to short-title items.
A major disadvantage of GS is that its records are retrieved in a way that is very impractical for use with large sample sizes, requiring a very tedious process of manually extracting, verifying, cleaning, organizing, classifying, and saving the bibliographic information into meaningful and usable formats.
Moreover, unlike WoS and Scopus, GS does not allow re-sorting of the retrieved sets in any way (such as by date, author name, or data source); as mentioned earlier, retrieved records in GS are rank-ordered in a rather inconsistent way. The result sets show short entries, displaying the title of the cited article and the name of the author(s) and, in some cases, the source. Entries that include the link "Cited by . . ." indicate the number of times the article has been cited. Clicking on this link will take users to a list of citing articles. Users will be able to view the full-text of only those items that are available for free and those that their libraries subscribe to.
Other major disadvantages of GS include duplicate citations (e.g., counting a citation published in two different forms, such as preprint and journal article, as two citations), inflated citation counts due to the inclusion of non-scholarly sources (e.g., course reading lists), phantom or false citations due to the frequent inability of GS to recognize real matches between cited and citing items claiming a match where there is not even minimal "chemistry" , errors in bibliographic information (e.g., wrong year of publication), as well as the lack of information about document type, document language, document length, and the refereed status of the retrieved citations. In many cases, especially when applying the Exact Phrase search method, the item for which citations are sought is retrieved and considered a citation by GS (in such cases, these citations were excluded from the search results). Perhaps the most important factor that makes GS very cumbersome to use, is the lack of full bibliographic information for citations found. Even when some bibliographic information is made available (e.g., source), it is not provided in a standard way thus requiring a considerable amount of manual authority control, especially among The presence of all these problems in GS suggest that unless a system is developed that automatically and accurately parses result sets into error-free, meaningful, and usable data, GS will be of limited use for large-scale comparative citation and bibliometric analyses.
To make sure that citations were not overlooked because of searching or indexing errors, we looked for the bibliographic records of all citations that were missed by one or two of the three tools. For example, if a citation was found in WoS but not in Scopus or GS, we conducted bibliographic searches in Scopus and/or GS to see if the item were in fact indexed in them. When the bibliographic record of any of these missed citations was found in one of the three tools, we examined: (1) why it was not retrieved through the citation search methods described above; and (2) whether it should be counted as a citation.
Items that were overlooked due to searching errors (16 in the case of WoS and 27 in Scopus) were counted as citations toward their respective databases; most of the searching errors were due to having missed selecting a relevant entry when browsing the cited references field in WoS and making typographical errors when entering a search query in Scopus. Items that were missed due to database/system errors were tallied but were not counted as citations. These included:
WoS: 10 citations were missed due to incomplete lists of references. These citations are the equivalent of 0.5% of the database's relevant citations.
Scopus: 75 citations were missed due to lack of cited references information and 26 citations due to incomplete lists of references in their respective records. In total, Scopus missed 101 (or the equivalent of 4.4% of its relevant citations) due to database errors.
GS: missed 501 (or the equivalent of 12.0% of its relevant citations) due to system errors. Many of the errors in GS were a result of matching errors. For example, the search engine failed, in many cases, to identify an exact match with the search statements used because a word or more in the title of the cited item was automatically hyphenated in the citing document. Or GS failed to retrieve relevant citations from documents that do not include well defined sections named a Bibliography, Cited References, Cited Works, Endnotes, Footnotes, or References.
These results suggest that if citation searching of individual LIS scholars were limited to Scopus, a searcher would miss an average of 4.4% of the relevant citations due to database errors. In the case of GS, the percentage would be 12.0%; this percentage would increase to 26.6% had we not used the Exact Phrase search approach described earlier. The results also suggest that when using GS one must use both the Author search and Exact Phrase search methods.
It is important to note here that it took about 100 hours of work to collect, clean, standardize, and enter all the data into EndNote libraries and Access databases from WoS, about 200 hours in the case of Scopus, and, as mentioned earlier, over 3,000 hours in the case of GS. In other words, collecting GS data took 30 as much time as collecting WoS data and 15 as much time as that of Scopus-this includes the time needed to double-check the missed items in each source. It is also important to note that in studies such as ours, it is essential that the investigators have access to complete lists of publications of the group being investigated. Without this information, there would be major problems with the data collected, especially when there are authors with common names among the study group. In our case, all members of the study group either had their complete publication information available online or they provided it on request. This information was very useful in the case of more than half of the study group as we discovered multiple authors with the names B. Cronin, S. Herring, J. Mostafa, N. Hara, D. Shaw, and K.
Yang. The availability of their publication lists helped avoid including non-relevant citations.
RESULTS AND DISCUSSION
The results of this study are presented and discussed in three sections: (1) the effect of using Scopus on the citation counts and rankings of SLIS faculty members as measured by WoS; (2) the effect of using GS on the citation counts and rankings as measured by WoS and Scopus combined; and (3) the sources of citations found in all three tools, including their names (i.e., journal and conference proceedings), refereed status, and language. Because the three tools provide different citation coverage in terms of document type and time period, we limited most of the analysis to citations from types of documents and years common to all three tools, that is, conference papers and journal items (e.g., journal
articles, review articles, editorials, book reviews, and letters to the editor) published between 1996 and 2005. Excluded from the analysis are citations found in books, dissertations, theses, reports, and so on, as well as 475 citations from GS that did not have complete bibliographic information. These 475 citations primarily included: bachelor's theses, presentations, grant and research proposals, doctoral qualifying examinations, submitted manuscripts, syllabi, term papers, working papers, web documents, preprints, and student portfolios.
Effect of Scopus on Citation Counts and Rankings of LIS Faculty
To show the difference that Scopus makes to the citation counts and rankings of LIS faculty members as measured by WoS, we compare the number of citations retrieved by both databases, show the increase Scopus makes toward the total number of citations of SLIS as a whole and also of individual faculty members, explore the effect Scopus has on altering the relative citation ranking of SLIS faculty members, and examine the overlap and unique coverage between the two databases. The refereed status of citations found in WoS and Scopus is not discussed because the great majority of citations from these two databases come from scholarly, peer-reviewed journals and conference proceedings.
As shown in Tables 3 and 4 analysis, gender and information technology, human-computer interaction, information retrieval, information visualization, intelligent interfaces, knowledge discovery, and user modeling, will find their citation counts increase considerably more than those faculty members with research strengths in other areas (see Table 4 ). These findings not only imply that certain subject areas will benefit more than others from using both Scopus and WoS to identify relevant citations, they also suggest that to generate accurate citation counts for faculty members, and by extension schools, and to accurately compare them to one another, a researcher must use both databases. The importance of using Scopus in addition to WoS is further evidenced by the facts that:
The relative ranking of faculty members changes in eight out of 15 cases, strikingly so in the cases of faculty members E, F, H, and I (see Table 5 ). Although the overall relative ranking of the faculty members does not change significantly when citations from both databases are counted (Spearman Rank Order correlation coefficient = 0.9134 at 0.01 level), the rankings do change significantly when faculty members in the middle third of the rankings are examined separately (Spearman Rank Order correlation coefficient = -0.45 at 0.01 level). In other words, Scopus significantly alters the relative ranking of those scholars that appear in the middle of the rankings but not for those at the top or bottom of the rankings.
The overlap of LIS citations between the two databases is relatively low-58.2% (see Figure 1 ) with significant differences from one research area to another ranging from a high 82.0% to a low 41.1% (see Table 6 ).
The number of unique citations found in Scopus is noticeably high in comparison to that of WoS (710 or 26.0% in comparison to 432 or 15.8%, respectively) (see Figure 1) . The overlap and uniqueness between the two databases is almost identical to what Whitley (2002) found in her study that compared the duplication (60%) and uniqueness of citing documents in Chemical Abstracts (23%) and Science Citation Index (17%). Regarding the type of documents in which the citations were found, the main difference between the two databases is in the coverage of conference proceedings. Scopus retrieves considerably more citations from refereed conference papers than WoS (359 in comparison to 229, respectively) (see Table   7 ). What is more important is that of all 496 citations from conference papers, 53.8% are uniquely found (Garfield, 1996 (Garfield, , 2006 Nisonger, 2004b) , research assessment exercises as those conducted in the United Kingdom (Oppenheim, 1995; Smith & Eysenck, 2002; Warner, 2000) , and on the correlation between citation data and perception-based evaluations or rankings (Meho & Sonnenwald, 2000; So, 1998 ). It will be important to verify the influence of Scopus data on these measures or practices as they are widely used by promotion and tenure committees, funding agencies, and collection development librarians, among others for assessing the research impact of scholars and departments and the quality of publications and journals.
Web of Science Scopus
Effect of Google Scholar on Citation Counts and Rankings of LIS Faculty
Data collected in this study show that, in contrast to WoS and Scopus, which index citations mainly from journal articles and conference papers, citations found through GS come from many different types of documents, including journal articles, conference papers, doctoral dissertations, master's theses, technical reports, research reports, chapters, and books, among others (see Table 8 ). Data also show that the majority of citations found through GS come from documents published after 1993 (see Table 9 ). A main reason for this is that the study group has less citable works published before 1993 in comparison to those published since then. Another reason is that, unlike WoS and Scopus which enter the citation information into their databases in a semi-automatic fashion, GS relies exclusively on the availability of online full text documents and, therefore, retrospective coverage will increase only as older materials are converted into digital format and published on the Web. As mentioned earlier, analysis in this study is based only on citations found in journal items and conference papers published between 1996 and 2005.
Results show that GS identifies 1,448 (or 53.0%) more citations than WoS and Scopus combined Data show that the percentage of increase in citation counts for SLIS faculty members varies considerably when GS results are added to those of WoS and Scopus (range=120.2%). Faculty members with research strengths in the areas of communities of practice, computer-mediated communication, data mining, data modeling, discourse analysis, gender and information technology, human-computer interaction, information retrieval, information visualization, knowledge discovery, and user modeling had their citation counts increase considerably more than those faculty members with research strengths in other areas (see Table 10 ). While this suggests that one should use GS to generate accurate citation counts of these authors, unlike the effect of adding Scopus' unique citations to those of WoS, adding GS's unique citations data to those of WoS and Scopus does not significantly alter the relative ranking of faculty members-Spearman Rank Order correlation coefficient = 0.976 at 0.001 level (see Table 11 ).
Even when GS results are added to those of WoS and Scopus separately, GS results do not significantly change the relative ranking of scholars-the Spearman Rank Order correlation coefficient between GS and WoS = 0.874 and between GS and Scopus = .970. Perhaps equally important is that the overlap between GS and the union of WoS and Scopus is considerably low (30.8%) and that GS misses a high number (1,104 or 40.4%) of the 2,733 citations found by WoS and Scopus (see Figure 2 ). Both of these figures are very striking, especially given the fact that virtually all citations from WoS and Scopus come from refereed and/or reputable sources.
Figure 2. Distribution of unique and overlapping citations in GS and WoS and Scopus (N=5,285)
To test that these results were not an outcome of the study group size and source, citation data was collected for 10 additional LIS faculty members, specializing in several research areas such as Given the results from the test group as well as the fact that GS is so cumbersome to use, misses a significant number of citations from refereed sources, and has little or no influence on the relative rankings of scholars, one could conclude that, as far as LIS is concerned, GS is superfluous to using both WoS and Scopus to generate citation counts for assessing and comparing scholars, journals, and academic departments, especially when the focus of a study is on citations in refereed journals and conference proceedings. Results of this study also show that the use of Scopus in addition to WoS further diminishes the valued of using GS as evidenced in the increase in Spearman's rho correlation from .874 between GS and WoS to 0.976 between GS and the Union of WoS and Scopus.
Considering the type of documents in which the citations were found, GS retrieves significantly more (almost four times as many) citations from conference papers than WoS and Scopus combined
(1,849 in comparison to 496, respectively). In contrast, WoS and Scopus retrieve almost as many citations from journals as GS does (1,968 in comparison to 2,332, respectively). It should be emphasized here that the relatively poor coverage of conference papers by WoS and Scopus, or the relative good coverage by GS of this document type, has much to do with the fact that many authors make their conference papers available online themselves. Almost half of GS's unique citations from conference papers and many of its citations from journals were identified through full-text documents made available online by their authors (i.e., self-archived) rather than from the official web sites of the publishers of the conference proceedings and journals. 6 What this kind of findings reveals is that there is a dramatic advantage in favor of the articles that their authors make available online. According to Harnad and Brody (2004) :
The proportion of articles for which their authors provide OA [Open Access] is likely to increase dramatically now, in part because of the mounting evidence for the impact advantage OA confers. OA will also increase because of the growing number of journals that have already given their official "green light" to author self-archiving, partly because journal impact factors also benefit from increased article impact, and partly because journals are eager to demonstrate that they have no wish to stand in the way of OA and its benefits to research and researchers.
Sources of Citations and Their Refereed Status and Language
As mentioned earlier, only 58. (or 51.6%) of all of the databases' 2,733 citations for the study group, reflecting the Matthew Effect in citations-a small number of sources attracts the lion's share of citations and a large number of sources receives relatively few (Merton, 1968 These results, which are influenced by the makeup of our study group (i.e., one with strong research focus in communities of practice, computer-mediated communication, human-computer
interaction, and information visualization, in addition to traditional LIS research areas), suggest that if
WoS is to reduce the gap in its coverage of LIS and LIS-related fields, it should consider adding at least the relevant high impact factor journals and conference proceedings that Scopus uniquely indexes. As is, the results imply that Scopus is necessary to use along with WoS for providing a better and more accurate picture of the impact LIS research makes on other fields, as evidenced by the computer science, education, and engineering titles that cite LIS literature and are only/primarily indexed by Scopus.
Further analysis shows that when a journal or a conference proceeding is indexed by both databases, WoS tends to identify more citations from these commonly indexed sources than Scopus does in the majority of cases. For example, WoS identifies 145 citations from the Journal of the American Society for Information Science and Technology whereas Scopus finds only 112 from the same journal covering the same time period (see Table 13 for more examples). There are, however, cases where Scopus identifies more citations than WoS from the same titles (e.g., Journal of Computer-Mediated
Communication-JCMC, Journal of Educational Computing Research, and Education for Information).
Reasons for these variations in coverage between the two databases include: database errors (e.g., lack of cited references information and incomplete lists of references in some database records), partial indexing of journal content (e.g., not indexing all articles published in a journal and not indexing book reviews as is the case in Scopus although some of these items contain citations), and incomplete coverage period of journals (e.g., missing an entire issue or volume-JCMC, for example is covered by Scopus from 1996 to present whereas it was just recently added to WoS covering the years 2005 to present).
As in the case of Scopus, GS results also raise the important question of where it found the 2,552 citations that were missed by both WoS and Scopus. As mentioned earlier, GS is able to search documents from hundreds of publishers, including items their authors themselves have made available online. An examination of the top 51 sources of citations found exclusively in GS, however, shows that 14 are actually indexed by Scopus and six are indexed by both Scopus and WoS (see Table 14 ). The reasons why
WoS and Scopus miss some citations from these 20 titles are similar to those mentioned above (e.g., database errors, partial and incomplete coverage, etc.).
Results also show that 10 of the remaining top 51 sources of GS unique citations are journals and 21 are conference proceedings. To identify the quality or impact of these 31 titles, we used Scopus to generate citation counts to these titles and compared the counts to those of highly ranked LIS journals and Table 15 ). This finding raises important questions regarding the quality of citations uniquely found in GS as well as the wisdom of using these citations for tenure and promotion purposes, despite the fact that most of the citations uniquely found by GS are from refereed sources (only two of the top 51 sources are not refereed). Note that of the top 51 sources of citations, 15 are published or sponsored by ACM, three by IEEE, and three jointly by ACM and IEEE (see Table 14 ).
Another important finding is that GS provides significantly better coverage of non-English language materials (6.94% of its total citations) than both WoS (1.14%) and Scopus (0.70%) (see Table   16 ). This discovery suggests that GS is indispensable for showing one's international impact.
CONCLUSIONS AND IMPLICATIONS
This study provides several useful suggestions for scholars conducting citation analysis and those who need assistance in compiling their own citation records. It informs researchers, administrators, editors, reviewers, funding agencies, and information professionals of novel ways of identifying citations to authors, papers, and journals. Until very recently, WoS was essentially the only practical source for locating citations. This study not only shows the value of, and need for, broadening the sources of citations, but also suggests that a significantly different map of scholarly networks could be developed when using multiple citation sources.
The study found that the addition of Scopus citations to those of WoS could significantly alter the ranking of scholars. The study also found that GS stands out in its coverage of conference proceedings as well as international, non-English language journals, among others. GS also indexes a wide variety of document types, some of which may be of significant value to researchers. The use of Scopus and GS, in addition to WoS, reveals a more comprehensive and accurate picture of the extent of the scholarly relationship between LIS and other fields, as evidenced by the unique titles that cite LIS literature (e.g., titles from Cognitive Science, Computer Science, Education, and Engineering, to name only a few).
Significantly, this study has demonstrated that: 1) Although WoS remains an indispensable citation database, it should not be used alone for locating citations to an author or title, and, by extension, journals, departments, and countries; Scopus should be used concurrently.
2) Although Scopus provides more comprehensive citation coverage of LIS and LIS-related literature than WoS for the period 1996-2005, the two databases complement rather than replace each other.
3) While both Scopus and GS help identify a considerable number of citations not found in WoS, only Scopus significantly alters the ranking of scholars as measured by WoS.
4)
Although GS unique citations are not of the same quality as those found in WoS or Scopus, they could be very useful in showing evidence of broader international impact than could possibly be done through the two proprietary databases.
5) GS value for citation searching purposes is severely diminished by its inherent problems. GS data are not limited to refereed, high quality journals and conference proceedings. GS is also very cumbersome to use and needs significant improvement in the way it displays search results and the downloading capabilities it offers for it to become a useful tool for large-scale citation analyses.
6) Given the low overlap or high uniqueness between the three tools, they may all be necessary to develop more accurate maps or visualizations of scholarly networks and impact both within and between disciplines (Börner, Chen, & Boyack, 2003; Börner, Sanyal, & Vespignani, 2006; Small, 1999; White & McCain, 1997) .
7) Each database or tool requires specific search strategy(ies) in order to collect citation data, some more accurately and quickly (i.e., WoS and Scopus) than others (i.e., GS).
This study has significant implications for funding agencies as well as editors and publishers of journals who may wish to use citation counts and rankings to identify subject experts to review grant applications or submitted manuscripts and to determine the impact of projects and articles they funded or published. The study has also significant implications for the wider scholarly community as researchers begin to adopt the methods and databases described or listed here to identify citations that may otherwise remain unknown. Continuous advances in information technology and improvements in online access to citation data suggest that future studies should explore:
Databases and tools that can be used to locate citations from refereed sources not covered by WoS or Scopus;
Potential impact of these databases and tools on citation counts as well as the correlation between citation counts and peer reviews/assessments of publication venues;
Whether broader sourcing of citations alters a paper, author, journal, or a department's relative ranking vis-à-vis others and, if so, how;
Which sources of citations provide better coverage of certain research areas than others; and
The intrinsic quality of citations found in these sources.
The recent emergence of Scopus and other citation databases and tools has certainly marked the beginning of a new era in citation and bibliometrics analyses. If WoS wants to improve its quality and fend off competition from such rivals as Scopus and perhaps GS, it needs to broaden its coverage by indexing more high impact journals and conference proceedings.
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